Hairless, a major antagonist of the Notch signaling-pathway in Drosophila (Bang and Posakony, 1992; Maier et al., 1992) , associates with Suppressor of Hairless [Su(H)], thereby inhibiting trans-activation of Notch target genes (Brou et al., 1994) . These molecular interactions could occur either at the step of signal transduction in the cytoplasm or during implementation of the signal within the nucleus. We examined the subcellular distribution of Hairless, showing that it is a low abundant, ubiquitous protein that is cytosolic as well as nuclear. High levels of Hairless cause nuclear retention of Su(H), loss of Hairless reduces the amount of Su(H) in the nucleus. q
Results and discussion
In many different organisms, cellular differentiation requires the activity of the Notch signaling pathway. In Drosophila, signals received by the Notch receptor are transduced by Su(H). It acts as the major downstream effector of Notch signaling and is required for trans-activation of Notch target-genes, a process which may involve the intracellular domain of the Notch receptor itself (ArtavanisTsakonas et al., 1999) . Su(H) is detected in both nucleus and cytoplasm, but it is unclear whether the translocation from the membrane into the nucleus is a prerequisite for formation of the activation complex. Su(H) and Notch proteins do not co-localize at the membrane. However, cytosolic Su(H) localization depends on Notch suggesting that their interactions take place outside of the nucleus (Gho et al., 1996) .
A direct antagonist of Su(H) is Hairless. In order to examine its expression pattern, we raised antisera directed against the central portion of Hairless, termed anti-A, and the Cterminal part, termed anti-B, respectively (Fig. 1A) . Both antisera detect Hairless on Western blots equally well (Maier et al., 1997; Marquart et al., 1999) . The pattern of Hairless distribution in embryos follows closely that of the Hairless mRNA (Fig. 1B,C and data not shown) (Maier et al., 1992; Bang and Posakony, 1992) . Hairless is present throughout embryogenesis in all tissues, being enriched in mesoderm, and in the mid-and hindgut (not shown). However, the two antisera detected Hairless in different sub-cellular compartments. Anti-A detects antigen primarily in the cytoplasm, whereas anti-B marks also nuclei (Fig.  1) . Although most clearly seen in early embryos, this phenomenon is observed in all tissues throughout development. In ovaries, anti-A staining is cytoplasmic, whereas anti-B detects also the nuclei of somatic follicle and nurse cells, as well as the germinal vesicle from stage 8 onwards (Fig. 1D) .
The speci®city of the two different antisera was tested in Hairless mutant cell clones, generated with the presumptive null allele H P8 (Fig. 1A) , visualized by the absence of the nuclear pM-marker (Xu and Rubin, 1993) (Fig. 1E, Hairless with high speci®city almost exclusively within nuclei. Fig. 2A is representative for the induction of Hairless from a heat shock controlled transgene. It shows a strong nuclear accumulation of Hairless in somatic tissues, like the follicle cells of ovaries. Nuclear accumulation of Hairless was also observed, when ectopic expression was forced from a UAS-H transgene in a pair rule pattern in the embryo (Fig. 2B ) or along the antero-posterior boundary in wing / 1 ) imaginal discs (E, wing disc; E H , leg disc). They were detected with anti-A (E) and anti-B (E H ) antisera by confocal microscopy, marked with the pMyc (p M) nuclear antigen shown in the panel underneath. Both antisera faithfully re¯ect the outlines of the clones indicating that both recognize predominantly Hairless protein. Insets show enlargements of representative clones.
imaginal discs (Fig. 2C) . Thus, although anti-A does not recognize nuclear Hairless in wild type, it does detect ectopically expressed Hairless in a sub-cellular distribution identical to anti-B. This implies that nuclear Hairless at wild type levels is modi®ed or bound by another nuclear protein, which is present in limiting amounts and able to mask the anti-A epitopes upon binding to Hairless.
Su(H) has been shown previously to bind to Hairless in the vicinity of the A-domain (Fig. 1A) (Brou et al., 1994; Maier et al., 1997; Marquart et al., 1999) . We then asked, whether the anti-A epitope of Hairless is demasked in cells mutant for Su(H). However, in embryos devoid of Su(H) protein, anti-A exclusively detects cytoplasmic Hairless (Fig. 3A) . The same is observed in Su(H) clones induced in imaginal discs (Fig. 3C ). Thus, Su(H) binding plays no major role in the recognition of Hairless by anti-A, and it remains undecided, whether masking of Hairless by other protein(s) than Su(H) or its modi®cation accounts for the differential recognition by the two antisera.
We also performed the reverse experiment, asking whether Su(H) protein distribution depended on Hairless. Mutant cell clones devoid of Hairless showed a markedly reduced amount of nuclear Su(H) protein (Fig. 3D) . Conversely, ectopic expression of Hairless caused Su(H) to accumulate strongly in the nuclei of Hairless overexpressing cells (Fig. 3B ). Calculations on Su(H) distribution showed that this accumulation is not simply due to an overall increase of Su(H) in the Hairless expressing cells but mainly caused by an increased nuclear vs. cytoplasmic ratio compared to the surrounding wild type cells (see inset in Fig. 3B ). In situ hybridization of such discs with a Su(H) probe revealed no ectopic Su(H) transcription (not shown). Thus, the increase of nuclear Su(H) in response to Hairless must occur primarily at the level of protein. As result of the ectopic Hairless expression along the antero-posterior border, adult wings are notched at the tip resulting from interference of Hairless with the Notch-dependent process of wing margin formation (Fig. 2D) (Neumann and Cohen, 1996; Micchelli et al., 1997) .
Hairless subcellular distribution is consistent with antagonizing Su(H) activity in either compartment. The ®nding that levels of nuclear Su(H) accumulation are linked to Hairless levels places this interaction within the nucleus. Whether nuclear retention prevents Su(H) from shuttling back to the membrane, recharging another Notch receptor or whether nuclear accumulation re¯ects a dual function of Su(H) in Drosophila as suggested for the mammalian homologue which acts in repression and activation of Notch target genes (Dou et al., 1994; Jarriault et al., 1995) , has to be shown in the future. 
Materials and methods

Immuno-cytochemistry
Hairless cDNA fragments h5 (codons 403±809) and h2 (codons 765±1076) (Maier et al., 1992) were cloned into pGEX vectors, veri®ed by sequence analysis. Two rats (SD) each were primed and boosted ®ve times by intracutaneous injections with an emulsion of bacterially expressed and puri®ed antigen (approx. 100 mg each) in complete/ incomplete Freund's adjuvants. Hairless antisera were tested on Western blots, on transfected S2 cells and on embryos (Fehon et al., 1990; Maier et al., 1997) . Immunostainings were performed on embryos (Johansen et al., 1989) , on larval tissues (de Celis et al., 1996) and on ovaries (Verheyen and Cooley, 1994) . Monoclonal anti-p M was a gift of S. Artavanis-Tsakonas and anti-Su(H) a gift of F. Schweisguth. Secondary antibodies were coupled to either peroxidase (POD), alkaline phosphatase (AP) or¯uorescent dyes (DTAF, Cy3 or Cy5; Jackson Labs.). Pictures were taken on a Zeiss Axiophot, using a BioRad MRC1024 confocal laser scan microscope when appropriate.
Mis-expression of Hairless and mosaic studies
For targeted mis-expression of Hairless, the Gal4/UAS system was employed (Brand and Perrimon, 1993) . Hairless full-length cDNA (Maier et al., 1997) was shuttled into pUAST (Brand and Perrimon, 1993 ) and nine different UAS-H lines were generated. As driver lines, prd-Gal4 (Capdevila and Guerrero, 1994) and ptc-Gal4 (Hinz et al., 1994) were used. For temporally controlled mis-expression, hs-FL H was induced for 30 min at 398C in female ovaries or in larvae (Maier et al., 1997) . Twin clones of either Hairless H P8 or Su(H) AR9 mutant cells were induced in imaginal discs using the FLP/FRT system (Xu and Rubin, 1993) . The null allele H P8 was generated by imprecise excision of the P-element D179. A breakpoint fragment was PCR-ampli®ed and sequenced: the deletion spans 3.2 kb, it starts within the P-insertion upstream of the translation initiation site and ends at codon 429 midway in the open reading frame (Maier et al., 1992) . Embryos, devoid of maternal Su(H) AR9 complement were generated as described by Lecourtois and Schweisguth (1995) .
